We extend the Parton-Hadron-String Dynamics (PHSD) transport approach in the partonic sector by explicitly calculating the total and differential partonic scattering cross sections as a function of temperature T and baryon chemical potential µB on the basis of the effective propagators and couplings from the Dynamical QuasiParticle Model (DQPM) that is matched to reproduce the equation of state of the partonic system above the deconfinement temperature Tc from lattice QCD. We calculate the collisional widths for the partonic degrees of freedom at finite T and µB in the time-like sector and conclude that the quasiparticle limit holds sufficiently well. Furthermore, the ratio of shear viscosity η over entropy density s, i.e. η/s, is evaluated using the collisional widths and compared to lQCD calculations for µB = 0 as well. We find that the novel ratio η/s does not differ very much from that calculated within the original DQPM on the basis of the Kubo formalism. Furthermore, there is only a very modest change of η/s with the baryon chemical µB as a function of the scaled temperature T /Tc(µB). This also holds for a variety of hadronic observables from central A+A collisions in the energy range 5 GeV ≤ √ sNN ≤ 200 GeV when implementing the differential cross sections into the PHSD approach. We only observe small differences in the antibaryon sector (p,Λ +Σ 0 ) at √ sNN = 17.3 GeV and 200 GeV with practically no sensitivity of rapidity and pT distributions to the µB dependence of the partonic cross sections. Small variations in the strangeness sector are obtained in all studied collisional systems (A+A and C+Au), however, it will be very hard to extract a robust signal experimentally. Since we find only small traces of a µB-dependence in heavy-ion observables -although the effective partonic masses and widths as well as their partonic cross sections clearly depend on µB -this implies that one needs a sizable partonic density and large space-time QGP volume to explore the dynamics in the partonic phase. These conditions are only fulfilled at high bombarding energies where µB is, however, rather low. On the other hand, when decreasing the bombarding energy and thus increasing µB, the hadronic phase becomes dominant and accordingly, it will be difficult to extract signals from the partonic dynamics based on "bulk" observables.
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I. INTRODUCTION
Non-equilibrium many-body theory or transport theory has become a major topic of research in nuclear physics, in cosmological particle physics as well as condensed matter physics. The multidisciplinary aspect arises due to a common interest to understand the various relaxation phenomena of quantum dissipative systems. Important questions in nuclear and particle physics at the highest energy densities are: i) how do non-equilibrium systems in extreme environments evolve and eventually thermalize, ii) what are the macroscopic transport coefficients of the matter in equilibrium and iii) what is the nature of possible phase transitions? The dynamics of heavy-ion collisions at various bombarding energies provide the laboratory of choice for research on nonequilibrium quantum many-body physics and relativistic quantum-field theories, since the initial state of a collision resembles an extreme non-equilibrium configuration while the final state might even exhibit some degree of thermalization. * moreau@fias.uni-frankfurt. de Since many decades the powerful method of the 'Schwinger-Keldysh' [1] [2] [3] [4] or 'closed time path' (CTP) real-time Green's functions -being the essential degreesof-freedom -has been shown to provide an appropriate basis for the formulation of the complex problems in the various areas of non-equilibrium quantum many-body physics. Within this framework one can derive suitable approximations -depending on the problem under consideration -by preserving overall consistency relations [5] . Originally, the resulting causal Dyson-Schwinger equation of motion for the one-particle Green's functions (or two-point functions), i.e. the Kadanoff-Baym (KB) equations [6] , have served as the underlying scheme for deriving various transport phenomena and generalized transport equations. For review articles on the KadanoffBaym equations in the various areas of non-equilibrium quantum physics we refer the reader to Refs. [7] [8] [9] [10] [11] [12] .
On the other hand, kinetic transport theory is a convenient method to study many-body non-equilibrium systems. Kinetic equations, which do play the central role in more or less all practical simulations, can be derived from the KB equations within suitable approximations. Hence, a major impetus in the past has been to derive semi-classical Boltzmann-like transport equations within the standard quasiparticle approximation. Additionally, off-shell extensions by means of a gradient expansion in the space-time inhomogeneities -as already introduced by Kadanoff and Baym [6] -have been formulated for various directions in physics: from a relativistic electronphoton plasma [13] to the transport of nucleons at intermediate heavy-ion reactions [14] to the transport of partons in high-energy heavy-ion reactions [15] [16] [17] [18] [19] [20] [21] [22] [23] . We recall that on the formal level of the KB-equations the various forms assumed for the self-energy have to fulfill consistency relations in order to preserve symmetries of the fundamental Lagrangian [6, 24, 25] . This allows for a unified treatment of stable and unstable (resonance) particles also out-of-equilibrium.
The perspectives to solve in particular QCD in Minkowski space for out-of-equilibrium configurations and non-vanishing quark (or baryon) densities will be low also in the next years such that effective approaches are necessary to model the dominant properties of QCD in equilibrium, i.e. the thermodynamic quantities as well as transport coefficients. To this aim the Dynamical QuasiParticle Model (DQPM) has been introduced [26] which is based on partonic propagators with sizable imaginary parts of the selfenergies incorporated. Whereas the real part of the self-energies can be attributed to a dynamically generated mass (squared) the imaginary parts contain the information about the interaction rates in the system [27] [28] [29] [30] [31] [32] [33] [34] . Furthermore, the imaginary parts of the propagators define the spectral functions of the degrees of freedom which might show narrow (or broad) quasiparticle peaks [35] . A further advantage of a propagator based approach is that one can formulate a consistent thermodynamics [36] as well as a causal theory for nonequilibrium configurations on the basis of KB equations.
In order to explore the phase diagram of strongly interacting matter as a function of temperature T and baryon chemical potential µ B different strategies are employed at present: i) lattice calculations of quantum chromodynamics (lQCD) [37] [38] [39] show that the phase transition from hadronic to partonic degrees of freedom (at vanishing baryon chemical potential µ B = 0) is a crossover. This phase transition is expected to turn into a first order transition at a critical point (T r , µ r ) in the phase diagram with increasing baryon chemical potential µ B [40] [41] [42] . Since this critical point cannot be determined theoretically in a reliable way by lQCD calculations, experimental information from relativistic nucleus-nucleus collisions has to be obtained. In this respect ii) the beam energy scan (BES) program -performed at the relativistic heavy-ion collider (RHIC) -aims to find the critical point and the phase boundary by gradually decreasing the collision energy [43, 44] where one might study also the competition between chiral symmetry restoration and deconfinement [45, 46] . Accordingly, the partonic and hadronic dynamics at finite/large baryon densities (or chemical potentials) are of actual interest and are addressed also in various hydrodynamical models [47] [48] [49] [50] , hydrodynamical + hadron transport models [51, 52] or more parametric approaches [53] . However, as found in Ref. [51] , the inclusion of baryon diffusion leads only to a small effect on the "bulk" observables at BES RHIC energies.
About a decade ago the Parton-Hadron-String Dynamics (PHSD) transport approach has been introduced, which differs from the conventional Boltzmann-type models in the aspect [54] that the degrees-of-freedom for the QGP phase are off-shell massive strongly-interacting quasiparticles that generate their own mean-field potential. The masses of the dynamical quarks and gluons in the QGP are distributed according to spectral functions whose pole positions and widths, respectively, are defined by the real and imaginary parts of their self-energies [55] . The partonic propagators and self-energies, furthermore, are defined in the DQPM in which the strong coupling and the self-energies are fitted to lattice QCD results [26] assuming an ansatz for the mass and width dependencies on temperature T and quark chemical potential µ q inspired by the Hard-Thermal-Loop (HTL) approach.
In the past the PHSD transport model, based on temperature dependent DQPM masses, widths and cross sections [56] , has successfully described numerous experimental data in relativistic heavy-ion collisions from the Alternating Gradient Synchrotron (AGS), SuperProton-Synchrotron (SPS), RHIC to Large Hadron Collider (LHC) energies [54, 55, [57] [58] [59] [60] [61] [62] .
The goal of this study is to explore on a microscopic level the partonic phase at finite baryonic chemical potential µ B and different temperatures T , and find traces of the µ B dependence in observables. In spite that the extension of the DQPM model to finite baryon chemical potentials has been realized previously [63, 64] and the (T, µ B )-dependence of the transport coefficients (such as shear and bulk viscosities or electric conductivity) for the equilibrated QGP matter have been calculated [63, 64] , the properties of the non-equilibrium QGP at finite µ B -as created in heavy-ion collisions (HICs) -were not addressed by microscopic calculations within the PHSD so far in a consistent fashion.
Although the DQPM inherits the information on the total interaction rates of the degrees of freedom in terms of widths it lacks the individual total as well as differential cross sections for different reaction channels with partons that are needed in the collision terms of a consistent relativistic transport approach. In PHSD these cross sections have been parametrized so far to comply with the individual widths of quarks, antiquarks and gluons as a function of energy density (cf. Ref. [56] ) which can be related to the temperature T by the lQCD equation of state (EoS). In this study we will calculate these total and differential cross sections in leading order for the individual partonic channels on the basis of the DQPM propagators and couplings. This will allow to explore the energy and angular dependence of partonic cross sections additionally on their T and µ B dependence.
Moreover, using these cross sections, we calculate the interaction rates of quarks and gluons in the time-like sector to study the validity of the quasiparticle approximation. Furthermore, we evaluate the equilibrium shear viscosity η(T, µ B ) within the Kubo formalism and the relaxation time approximation (RTA) and compare to results from lQCD at µ B = 0 for the ratio η/s. The calculated total and differential cross sections as well as parton masses -depending on (T, µ B ) -have been implemented in the PHSD and thus, we introduce a further step towards a consistent relativistic transport approach in the partonic sector.
In order to extract the Lagrange parameters µ B and T from the PHSD in heavy-ion collisions we developed a practical method (based on the expansion of thermodynamic quantities in terms of the 2nd order baryon number susceptibility) which allows to relate the energy density and baryon densities -calculated in each cell in spacetime during heavy-ion collisions -to the DQPM EoS (practically identical to lQCD at small µ B ).
Finally, we will search for traces of the µ B dependence in the QGP dynamics in "bulk" observables from relativistic heavy-ion collisions such as rapidity distributions and p T spectra using the extended PHSD approach as a working "tool". This paper is organized as follows: In Section II we will provide a brief reminder of the DQPM and its ingredients as well as its results for the partonic equation of state. Section III will be devoted to the calculation of the partonic differential cross sections as a function of T and µ B employing the effective propagators and couplings from the DQPM. In Section IV we will use these cross sections to evaluate partonic scattering rates for fixed T and µ B as well as compute transport coefficients in Section V like the shear viscosity η in comparison to calculations from lQCD at µ B = 0. Section VI is devoted to the extraction of the local T and µ B in the actual transport approach and characteristic results will be presented for central collisions of Pb+Pb at √ s N N = 17.3 and Au+Au 200 GeV.
In Section VII we will compare the results of the novel transport approach PHSD5.0 to those of PHSD4.0 and experimental data for central heavy-ion collisions from AGS to RHIC energies. Furthermore, we explore the sensitivity of rapidity distributions and transverse momentum spectra to the partonic scattering in asymmetric C+Au collisions at the top SPS and RHIC energies. A summary of our study will be presented in Section VIII while technical details in the calculation of the matrix elements and differential cross sections are shifted to the Appendices.
II. REMINDER OF THE DQPM AND ITS INGREDIENTS
Early concepts of the Quark-Gluon-Plasma (QGP) were guided by the idea of a weakly interacting system of massless partons which might be described by perturbative QCD (pQCD). However, experimental observations at RHIC indicated that the new medium created in ultrarelativistic Au+Au collisions is interacting more strongly than hadronic matter. It is presently widely accepted that this medium is a strongly interacting system of partons as extracted experimentally from the strong radial expansion and the scaling of the elliptic flow v 2 (p T ) of mesons and baryons with the number of constituent quarks and antiquarks [65] . At vanishing chemical potential µ B the QCD problem can be addressed at zero and finite temperature by lattice QCD calculations on a 3+1 dimensional torus with a suitable discretization of the QCD action on the euclidean lattice. These calculations so far have provided valuable information on the QCD equation of state, chiral symmetry restoration and various correlators that can be attributed/related to transport coefficients. Due to the Fermion 'sign'-problem lQCD calculations at finite µ B are presently not robust and one has to rely on nonperturbative -but effectivemodels to obtain information in the (T , µ B ) plane or for systems out-of-equilibrium.
A. Quasiparticle properties
As mentioned above in the KB theory the field quanta are described in terms of dressed propagators with complex self-energies [26] . Whereas the real part of the self-energies can be related to mean-field potentials (of Lorentz scalar, vector or tensor type), the imaginary parts provide information about the lifetime and/or reaction rates of time-like 'particles'. The determination/extraction of complex self-energies for the partonic degrees-of-freedom can be performed within the DQPM by fitting lattice QCD calculations in thermal equilibrium.
The basic ideas of the DQPM are as follows: i) introduce an ansatz (with a few parameters) for the (T and µ B )-dependence of masses and widths of the dynamical quasiparticles (quarks, antiquarks and gluons) to define the self-energies; ii) define the form of propagators for strongly interacting massive partons; iii) evaluate the QGP thermodynamics in equilibrium using the Kadanoff-Baym (KB) theory and calculate (in the 2PI approximation) the entropy density s and other thermodynamic quantities such as the pressure P and energy density iv) compare the DQPM results with the lQCD ones at zero and finite µ B and T and fix the initial parameters to obtain the best reproduction of the lQCD thermodynamics.
This defines the properties of the quasiparticles, their propagators and couplings.
We recall the main ingredients of the DQPM: 1) The DQPM postulates retarded propagators of the quark and gluon degrees-of-freedom (for the QGP in equilibrium) in the form
using ω = p 0 for energy.
2) The coupling (squared) g 2 , which is the essential quantity in the DQPM defining the strength of the interaction and enters the definition of the DQPM thermal masses and widths, is extracted from lQCD. In our previous studies [66] [67] [68] we used an ansatz for the (T, µ B )-dependence of the coupling g 2 = α s /(4π) and extracted the 2 parameters -entering the parametrization of g 2 -from a global fit to the lQCD thermodynamics. Furthermore, g 2 was also compared to quenched QCD results on α s (T ) at µ B = 0 for the pure glue case (N f = 0) from Ref. [69] .
Here we follow alternatively a procedure similar to Refs. [63, 64] to determine the effective coupling (squared) g 2 as a function of temperature T , i.e. the coupling is defined at µ B = 0 by a parametrization of the entropy density from lattice QCD in the following way:
with the Stefan-Boltzmann entropy density s
2 T 3 and the parameters d=169.934, e=-0.178434 and f=1.14631. In the following, we use a parametrization of the entropy density at µ B = 0 calculated by lQCD from Refs. [70, 71] to determine the DQPM coupling constant as a function of temperature.
The extension to finite µ B can be worked out in different scenarios. First of all, an expansion of the grandcanonical potential, i.e. the negative pressure P , in terms of µ B /T can be performed and the expansion coefficients can be calculated by lQCD [72, 73] . This provides a solid framework for small and moderate µ B . Alternatively, Maxwell relations can be employed to extract the thermodynamic potential at finite µ B starting from the information given by lQCD at µ B =0 [74] . Both methods give almost the same results up to µ B ≈ 450 MeV [74] . For practical purposes the explicit results can be fitted by a scaling ansatz [64] which works up to µ B ≈ 450 MeV and suggests that the phase transition to the QGP is a crossover up to such baryon chemical potentials. We mention that the experimental studies of the STAR Collaboration within the BES program down to bombarding energies of √ s N N = 7.7 GeV -corresponding to µ B ≈ 450 MeV -did not indicate any critical point in the QCD phase diagram [75] so far.
To obtain the coupling constant at finite baryon chemical potential µ B , the scaling hypothesis assumes that g 2 is a function of the ratio of the effective temperature
where T c is the critical temperature at vanishing chemical potential (≈ 0.158 GeV) and α = 0.974 GeV −2 .
In Fig With the coupling g 2 fixed from lQCD one can now specify the dynamical quasiparticle mass (for gluons and quarks) which is assumed to be given by the HTL thermal mass in the asymptotic high-momentum regime, i.e. for gluons by
and for quarks (antiquarks) by
where N c = 3 stands for the number of colors while N f (= 3) denotes the number of flavors. The dynamical masses (5) in the QGP are large compared to the bare masses of the light (u, d) quarks and adopted in the form (5) for the (u, d) quarks. The strange quark has a larger bare mass which also enters to some extent the dynamical mass M s (T ). This essentially suppresses the channel g → s +s relative to the channel g → u +ū or d +d and controls the strangeness ratio in the QGP. Empirically we have used 
where c = 14.4 is related to a magnetic cut-off, which is an additional parameter of the DQPM. Furthermore, we assume that the width of the strange quark is the same as that for the light (u, d) quarks. The physical processes contributing to the width γ g are both gg ↔ gg, gq ↔ gq scattering as well as splitting and fusion reactions gg ↔ g, gg ↔ ggg, ggg ↔ gggg or g ↔etc. On the fermion side elastic fermion-fermion scattering pp ↔ pp, where p stands for a quark q or antiquarkq, fermion-gluon scattering pg ↔ pg, gluon bremsstrahlung pp ↔ pp + g or quark-antiquark fusion↔ g etc. emerge. Note, however, that the explicit form of (6) is derived for hard two-body scatterings only. Furthermore, the widths γ q(q) (T ) and γ g (T ) provide only information on the total interaction rates and not on the individual differential cross sections. The computation of these cross sections will be carried out here in leading order on the basis of the propagators (1) and coupling (2)-(3) in Section III which in turn will allow to recalculate the widths (6) and (7) and explore the validity of the quasiparticle limit in the time-like sector.
B. Spectral functions
In line with the propagator (1) the parton spectral functions (or imaginary parts of the propagator ρ = −2 Im G R ) are no longer δ-functions in the invariant mass squared but given by
separately for quarks, antiquarks and gluons (j = q,q, g).
, where the widths γ j and masses M j from the DQPM have been described above. The spectral function (8) is antisymmetric in ω and normalized as [76] 
as mandatory for quantum field theory. The actual quark mass M q and width γ q -employed as input in the previous PHSD calculations -as well as the gluon mass M g and width γ g are depicted in Fig. 2 as a function of T /T c and show an 'infrared enhancement' close to T c . For µ q = µ B /3 = 0 the DQPM gives
C. Thermodynamics within the DQPM With the quasiparticle properties (or propagators) chosen as described above, one can evaluate the entropy density s(T, µ B ), the pressure P (T, µ B ) and energy density (T, µ B ) in a straight forward manner by starting with the entropy density and number density in the propagator representation from Baym [36, 77] ,
−1 denote the Bose-Einstein and Fermi-Dirac distribution functions, respectively, while
stand for the full (scalar) quasiparticle propagators of gluons g, quarks q and antiquarksq. In Eq. (11) (12) Π and Σ = Σ q ≈ Σq denote the (retarded) quasiparticle self-energies. Furthermore, the number of transverse gluonic degrees-of-freedom is d g = 2 × (N 2 c − 1) while for the fermion degrees-of-freedom we use d q = 2 × N c and dq = 2 × N c .
In principle, Π as well as ∆ are Lorentz tensors and should be evaluated in a nonperturbative framework. The DQPM treats these degrees-of-freedom as independent scalar fields (for each color and spin projection) with scalar self-energies which are assumed to be identical for quarks and antiquarks. This is expected to hold well for the entropy and number density. Note that one has to treat quarks and antiquarks separately in Eqs. (11)- (12) (4), (5), (6), (7). Note that the retarded propagator (1) resembles the propagator of a damped harmonic oscillator (with an additional p 2 ) and preserves microcausality also for γ > M [78] , i.e. in case of overdamped motion. Although the 'Ansatz' for the parton propagators is not QCD it has been shown that a variety of QCD observables on the lattice are compatible with this choice [55] .
In case the real and imaginary parts of the propagators ∆ and S are fixed, the entropy density (11) and number density (12) can be evaluated numerically. As we deal with a grand-canonical ensemble the Maxwell relations give,
such that the pressure can be obtained by integration of the entropy density s over T and of the baryon density n B over µ B as:
where one identifies the 'full' entropy density s and baryon density n B with the quasiparticle entropy density s dqp (11) and baryon density n B = n dqp /3 (12). The starting point T 0 for the integration in T is chosen between 0.1 < T < 0.15 GeV where the entropy density is taken in accordance to the lattice QCD results from Ref. [71] in the hadronic sector.
The energy density then follows from the thermodynamical relation and thus is also fixed by the entropy s(T, µ B ) and baryon density n B (T, µ B ) as well as the interaction measure
that vanishes for massless and noninteracting degreesof-freedom at µ B = 0.
A direct comparison of the resulting entropy density s(T ) (11), pressure P (T ) (14) , energy density (T ) (15) and interaction measure (16) from the DQPM with lQCD results from the BMW group [70, 71] at µ B = 0 (a) and µ B = 400 MeV (b) is presented in Fig. 3 . The dimensionless results s/T 3 , P/T 4 and /T 4 , are shown to demonstrate the scaling with temperature. The agreement is sufficiently good for the entropy and energy density as well as for the pressure. A satisfactory agreement also holds for the dimensionless 'interaction measure', i.e. ( − 3P )/T 4 (cf. orange line in Fig. 3 ).
III. DIFFERENTIAL CROSS SECTIONS FOR PARTONIC INTERACTIONS
A. Definitions
On-shell case
The differential cross section for a 2 → 2 process of on-shell particles (1 + 2 → 3 + 4) is given by:
where the flux is defined by
, and the on-shell energies for the particle are defined as
the matrix element squared averaged over the color and spin of the incoming particles, and summed over those of the final particles. We want to evaluate the cross section in the rest frame of the heat bath where the Fermi-Dirac or Bose-Einstein functions describe the particle distributions. The only factor in Eq. (17), which is not Lorentz invariant, is the flux factor F while the other factors, the Lorentz Invariant Phase Space (LIPS), the matrix element |M| 2 and the delta function for energy-momentum conservation, are invariant. This implies that the cross section can be calculated in any frame, but the flux factor has to be correctly taken into account according to the actual frame of interest.
The cross section is usually evaluated in the center of mass (CM) frame of the collision for simplicity. In this case the momenta of the colliding particles obey p 1 +p 2 = p 3 + p 4 = p = 0, and the notation |p 1 | = |p 2 | = p i and |p 3 | = |p 4 | = p f is used. The flux factor becomes F CM = 4p i √ s and, after simplification, Eq. (17) reads:
where s in the Mandelstam variable and dΩ is the differential solid angle corresponding to one of the final particle. The momenta of the initial (i) and final particles (f ) in the CM frame is found to be:
with M i,f and M i,f being the masses of the colliding partons. The total cross section is obtained by performing the integral in Eq. (18) over dΩ as:
where θ is the final polar angle of one of the final particle in the CM frame. In the CM frame, the collision is independent from the azimuthal angle φ and the corresponding integration gives a factor 2π.
Off-shell case
In the off-shell case, the energy of the partons, as well their momenta, are independent degrees of freedom and a general definition of an 'off-shell cross section' is not possible due to the lack of asymptotically stable states. However, transition matrix elements for different incoming and outgoing 4-momenta can be well defined also offshell. By transforming the Lorentz invariant phase space in Eq. (17), one can include the off-shell effects for the scattering of time-like particles -in case of a well defined incoming flux F = v rel 2E 1 2E 2 -by integrating over the energy of the final time-like particles as:
with the renormalized time-like spectral functions
where the spectral function ρ i in (22) -corresponding to the parton type i -is taken from Eq. (8) . The final parton masses are defined as m
i where p i is the 4-momentum of particle i. One can verify that by replacing the spectral functions by their on-shell value:
the off-shell cross section leads to the on-shell one as defined in the previous subsection from Eq. (17).
We follow the same strategy as in the previous subsection and evaluate the differential "off-shell cross section" for time-like quanta in the center of mass system of the collision for convenience. By making use of the delta function in Eq. (21), one can integrate over d 4 p 4 to obtain the total cross section in the CM frame by performing the integrations with the appropriate boundaries as:
Bear in mind that even if the calculation of the cross section is performed in the center of mass system, the energies and momenta entering the spectral functions (8) should be expressed in the heat bath frame by applying the appropriate Lorentz transformations.
We mention that one can simplify the off-shell energy integration by an integration over the final masses of the partons in the non-relativistic limit. The off-shell cross section from Eq. (21) then becomes [66] :
where the Breit-Wigner spectral function ρ BW in Ref. [66] is obtained from Eq. (8) in the limit ω → m:
This distribution fulfills the normalization
B. Partonic scattering
In the framework of the DQPM, quarks and gluons are massive with a finite lifetime associated to their interaction width. In order to calculate the matrix elements corresponding to a scattering of DQPM partons, the scalar propagator (1) has to be replaced by the following propagators -with full Lorentz structure -to describe a massive vector gluon and massive (spin 1/2) fermion with a finite width [66] :
where q is the 4-momentum of the exchanged particle. The delta functions ensure that the exchanged quark or gluon is connected with other parts of the diagram with the same color (a, b for the gluon and i, j for the quark). The invariant matrix element (squared) |M| 2 , entering the differential cross section in Eqs. (17)- (21), is calculated in leading order, and is averaged over initialand summed over final -spin and colors. In the following, we employ a degeneracy factor for spin and color of d q = 2×N c = 6 for quarks, and d g = 2×(N 2 c −1) = 16 for gluons in consistency with Eqs. (11)- (12) . Each matrix element can be decomposed into several channels known as t−,u−,s−channels for quark-quark (qq ) and quarkgluon (qg) scatterings, as well as a 4-point interaction for the case of gluon-gluon (gg) scattering. For details we refer the reader to the Appendices (A,B,C) and continue with the actual results. In Fig. 4 we show the differential cross sections between different partons for the on-shell case (dashed lines) from Eq. (18) and the "off-shell case" (solid lines) evaluated in the center of mass of the collision system as a function of the collision energy √ s. In these examples the initial masses of the colliding partons are taken as the pole masses from Eqs. (4)- (5) to allow for a comparison between on-shell and off-shell scattering, i.e. for the same initial states. In all cases (uu → uu (a), ud → ud (b), ug → ug (c), gg → gg (d)) the cross sections are almost isotropic at √ s ≈ 1 GeV and increase in anisotropy with increasing √ s. Furthermore, the on-shell case (dashed lines) gives slightly larger cross sections than the off-shell case (solid lines) which will be discussed below. cases at µ B = 0. Again the initial masses of the colliding partons are taken as the pole masses from Eqs. (4)- (5) to obtain the same initial flux F . At all temperatures T the cross section does not change very much with collision energy √ s and the difference between the on-shell and off-shell case decreases with increasing √ s. The explicit dependence of the uu → uu cross section on the chemical potential is shown in Fig. 5 (b) for µ B = 0 (blue), µ B = 0.3 GeV (green) and µ B = 0.6 GeV (red) at T = 1.2T c for the on-shell (dashed lines) and off-shell (solid lines) cases. While the dependencies on √ s are similar we find a decrease of the cross section with increasing chemical potential µ B which can be traced back to a decreasing coupling with µ B at fixed temperature T (see Fig. 1 ). Fig. 5 (c) , furthermore, shows the dependence of all cross sections calculated on the collision energy √ s in the offshell case for T = 1.2T c and µ B = 0. While most of the channels do not change drastically with √ s -except for thresholds -the flavor changing processes uū → dd and uū → ss drop fast with increasing energy.
With all differential partonic cross sections fixed as a function of T and µ B (above the phase boundary) we can now continue with transport properties of the hot QGP as a function of T and µ B employing the partonic energy-momentum distributions from the DQPM.
IV. COLLISIONAL WIDTHS OF THE HOT
AND DENSE QGP
On-shell case
In the on-shell case all energies of the particles are taken to be E 2 = p 2 +M 2 where M is the pole mass. The on-shell interaction rate for the corresponding parton is given by [34, 79, 80] :
where d j is the degeneracy factor for spin and color (for quarks d q = 2 × N c and for gluons d g = 2 × (N 2 c − 1)), and with the shorthand notation f j = f j (E j , T, µ q ) for the distribution functions. In Eq. (29) and in all this section, the notation j=q,q,g includes the contribution from all possible partons which in our case are the gluons and the (anti-)quarks of three different flavors (u, d, s). The Pauli-blocking (-) and Bose-enhancement (+) factors account for the available density of final states. Note that here all quantities have to be expressed in the rest frame of the heat bath, implying that the on-shell cross section dσ on from Eq. (18) has to be modified according to the different fluxes:
where the quantities denoted by HB are expressed in the rest frame of the heat bath and CM in the center of mass frame of the collision.
To evaluate the average width of the partons i, we finally have to average its interaction rate (29) over its momentum distribution,
with the on-shell density of partons i at T and µ q given by
2. Off-shell case
In order to obtain the width for the off-shell DQPM time-like partons, we have to calculate the interaction rate for the corresponding parton i with momentum p i due to collisions with time-like particles j leading to final time-like particles 3 and 4 by integrating additionally over all energies ω j in the time-like sector:
where the shorthand notation (22) for the renormalized time-like spectral functionsρ j (ω j , p j ) has been used and f j = f j (ω j , T, µ q ) for the distribution functions. We mention that the limit (33) discards damping processes between the time-like and space-like sector which are assumed to be subleading. To evaluate the average timelike width of the partons i, we finally have to average its interaction rate as:
with the off-shell density of time-like partons i given by to a large extend stems from quark-gluon scattering and increases with temperature while the contributions from scatterings with quarks and antiquarks are about equal and subdominant. At µ B = 0.4 GeV the quarks are more abundant than the antiquarks and the contributions from scatterings with quarks increase while that from collisions with antiquarks decrease relative to µ B = 0. The contributions from collisions with gluons slightly decreases also with µ B which can be attributed to a decrease of the cross sections with µ B as noted before. Fig. 7 shows the off-shell interaction rate of a gluon g as a function of the temperature T for µ B = 0 (a) and µ B = 0.4 GeV (b) as in case of quark scattering in Fig. 6 . The contributions from the scattering with light quarks (green), antiquarks (blue) and gluons (pink) are given by the lower hatched bands. The discussion of the contributions to the total widths is very similar to the case of quark scattering and not repeated here.
In summarizing this section we find that the collisional widths for time-like partons are sizable and increase with temperature (as in the DQPM) but still remain substantially smaller than the pole masses in Fig. 2 . Accordingly, a quasiparticle interpretation for time-like quanta should approximately hold. Fig. 8 , finally, gives an overview on the width Γ q (a) and width Γ g (b) as a function of the scaled temperature T /T c (µ B ) and chemical potential µ B . While the dependencies on temperature are similar for fixed µ B we see a general slight decrease of the total widths with µ B for fixed T /T c (µ B ) as discussed above.
V. TRANSPORT PROPERTIES OF THE HOT AND DENSE QGP
The starting point to evaluate viscosity coefficients of partonic matter is the Kubo formalism [81, 82] which was used to calculate the viscosities for a previous version of the DQPM within the PHSD in a box with periodic boundary conditions (cf. Ref. [83] ). We focus here on the calculation of the shear viscosity based on Refs. [84] [85] [86] [87] which reads:
where the notation f i (ω) = f i (ω, T, µ q ) is used for the distribution functions, and ρ i denotes the spectral functions from Eq. (8). We note that the derivative of the distribution function accounts for the Pauli-blocking (-) and Bose-enhancement (+) factors. Following Ref. [86] , we can evaluate the integral over ω = p 0 in Eq. (36) by using the residue theorem. When keeping only the leading order contribution in the width γ(T, µ B ) from the residue -evaluated at the poles of the spectral function ω i = ±Ẽ(p) ± iγ -we finally obtain:
which corresponds to the expression derived in the relaxation-time approximation (RTA) [88] by identifying the interaction rate Γ with 2γ as expected from transport theory in the quasiparticle limit [89] . This interaction rate Γ i (p i , T, µ q ) (inverse relaxation time) is calculated microscopically by Eq. (29) . We recall that the pole energy is E
where M i is the pole mass given in the DQPM by Eqs. (4)- (5) . As in the previous section, we use here the notation j=q,q,g which includes the contribution from all possible partons which in our case are the gluons and the (anti-)quarks of three different flavors (u, d, s).
The actual results are displayed in Fig. 9 for the ratios of shear viscosity to entropy density η/s as a function of the scaled temperature T /T c for µ B = 0 in comparison to those from lattice QCD [92] . The solid green line (η Kubo /s) shows the result from the original DQPM in the Kubo formalism while the dashed green line (η RTA 2γ /s) shows the same result in the quasiparticle approximation (37) by replacing Γ i by 2γ i . The solid red line (η RTA Γ on /s) results from Eq. (37) using the interaction rate Γ on (29) calculated by the microscopic differential cross sections in the on-shell limit. We find that -apart from temperatures close to T c -the ratios η/s do not differ very much and have a similar behavior as a function of temperature. The approximation (37) of the shear viscosity is found to be very close to the one from the Kubo formalism (36) indicating that the quasiparticle limit (γ M ) holds in the DQPM. We have also checked that the shear viscosity does not differ substantially if one uses the momentumdependent interaction rate from Eq. (29) or the averaged one from Eq. (31) .
An overview for the ratio of shear viscosity to entropy density η/s as a function of the scaled temperature T /T c (µ B ) and µ B is given Fig. 10 in case of the Kubo formalism (a) (36) and the on-shell limit (37) (b). There is no strong variation with µ B for fixed T /T c (µ B ), however, the ratio increases slightly with µ B in the on-shell limit while it slightly drops with µ B in the Kubo formalism for the DQPM. Accordingly, there is some model uncertainty when extracting the shear viscosity in the different approximations.
In summarizing this section we find that the results for the ratio of shear viscosity over entropy density from the original DQPM and those from the microscopic calculations are similar and within error bars compatible with present results from lattice QCD. However, having the differential cross sections for each partonic channel at hand one might find substantial differences for nonequilibrium configurations as encountered in relativistic heavy-ion collisions where a QGP is formed initially outof equilibrium.
VI. EXTRACTION OF T AND µB FROM PHSD IN HEAVY-ION COLLISIONS
Since PHSD is a microscopic off-shell transport approach it does not incorporate thermodynamic Lagrange parameters such as T and µ B that characterize the system in equilibrium. In order to extract the required information (the temperature T and baryon chemical potential µ B ) -defining the parton properties and differential scattering processes in the PHSD spacetime grid -we construct the DQPM equation of state (P EoS , n EoS B , s EoS , EoS ) starting from the expansion of thermodynamic quantities in terms of the 2 nd order baryon number susceptibility χ
as:
From the DQPM pressure at µ B = 0 and the 2 nd order baryon number susceptibility χ B 2 , one can deduce all thermodynamics according to the previous formulae. For the DQPM pressure at µ B = 0 we employ the parametrization of lQCD data provided in Ref. [71] considering the very good agreement between lQCD data and the DQPM in Fig. 3 . In addition, a parametrization of the DQPM 2 nd order baryon number susceptibility from Refs. [63, 64] is used. Note that this parametrization of χ B 2 is also in agreement with lQCD data below T c which allows for an evaluation of T and µ B also in the hot hadronic phase. We point out that these results have to be taken as estimates in the regions of large chemical potentials and below the critical temperature T c . Furthermore, the DQPM 2 nd order baryon number susceptibility 2 nd is found to be slightly lower compared to lQCD results (see Ref. [63, 64] ) which therefore leads to a slight overestimation of the baryon chemical potential µ B .
In each space-time cell of the PHSD grid, the thermodynamic quantities are calculated by the method developed in Ref. [93] , i.e. by diagonalization of the energy momentum tensor T µν as:
with i = 0, 1, 2, 3, where λ i are the eigenvalues of T µν and (x ν ) i are the corresponding eigenvectors. For i = 0, the local energy density is identified with the eigenvalue of T µν (Landau matching) and the corresponding time-like eigenvector is defined as the 4-velocity u ν :
using the normalization condition u µ u µ = 1. The three other solutions are (−P i ), the pressure components expressed in the local rest frame of the cell. The energymomentum tensor T µν is calculated in PHSD as:
where the sum i runs over all the particles in the considered cell.
In the beginning of heavy-ion collisions the created medium is highly anisotropic due to the longitudinal expansion. In order to correct for the anisotropy we apply the shape generalized equation of state developed in Ref. [94] in order to extract values for the temperature T and baryon chemical potential µ B . In this framework, the energy density anis and pressure components of an anisotropic medium are evaluated by the following expressions:
where P ⊥ and P are, respectively, the transverse and longitudinal pressures, and EoS and P EoS are the equilibrium energy density and pressure from which a temperature T and chemical potential µ B can be extracted. The anisotropy parameter x can be approximated as a function of the pressure components as P /P ⊥ = x −3/4 , and the function r(x) reads:
In a PHSD simulation, we calculate in each of the cells the energy density PHSD , the baryon density n PHSD B
, as well as the pressure components P PHSD ⊥ and P PHSD , from which one can evaluate the function r(x) in Eq. (48) . In order to find the temperature T and baryon chemical potential µ B according to the DQPM EoS -constructed at the beginning of this section VI -we have to solve the following system of equations:
where the left-hand sides represent the DQPM EoS which depends on the unknowns T and µ B , whereas on the right-hand sides of these equations we have the energy density and baryon density evaluated in PHSD. In Eq. (49) the energy density from PHSD PHSD is divided by the function r(x) from Eq. (48) to account for the anisotropy of the considered cell according to the shape generalized equation of state in Eq. (45) . We solve this system by using the Newton-Raphson method [95, 96] . Since for a given energy density and baryon density one can obtain two different solutions for T and µ B in Eq. (49), the isotropic pressure P EoS calculated from P PHSD ⊥ , P PHSD , the function r(x) and its derivative r (x) in Eqs. (46)- (47), is also used to initialize the algorithm in order to find the correct solution. We show in Fig. 11 the results from our algorithm in the T − µ B plane using as input varying values of energy density for fixed baryon densities n B . The black line corresponds to the DQPM critical temperature and the dashed grey lines correspond to different values of µ B /T for orientation. In Fig. 12 isentropic trajectories are shown corresponding to a fixed number of the entropy density over the baryon density s/n B . According to Ref. [97] , these different values of s/n B correspond to the trajectories of heavy-ion collisions from the beam energy scan program at RHIC ( √ s N N = 200 GeV, 62.4 GeV, 39 GeV, 27 GeV,
GeV and 14.5 GeV).
We now turn to the evaluation of T and µ B in actual PHSD simulations for Au+Au collisions. In the evaluation of the energy density and the baryon density n B leading baryons or diquarks are discarded since these are almost located at target or projectile rapidity. As an example for our results we show in Fig. 13 the ratio µ B /T as a function of the cell rapidity y cell at different times (from 0.5 to 6 fm/c) for 5% central Pb+Pb collisions at 158 A GeV. The largest ratios are seen for all times for rapidities closer to projectile and target rapidities (cf. Ref. [53] ) while at midrapidity this ratio is initially high (at t = 0.5 fm/c), but drops practically to zero at t = 2 fm/c and increases later on up to values of order 1. We mention that this profile is very close to that calculated in the hydrodynamics + hadronic transport approach by Denicol et al. (Fig. 5 in Ref. [51] ) and also shows an increase of µ B /T with increasing |y|. We now focus on the time evolution of the distribution in T and µ B for cells having a temperature T > T c (µ B ) at midrapidity (|y cell | < 0.5) for 5% central heavy-ion collisions. Fig. 15 for orientation. At the very early times t < 0.5 fm/c the distribution peaks at T ≈ 0.35 GeV and is shifted to small positive average µ B , however, is rather broad in T and µ B . For times 0.5 fm/c < t < 2 fm/c the average temperature has dropped to about 0.24 GeV and is localized at small average µ B while the widths of the distribution remain sizable. For later times (t > 2 fm/c) the distribution peaks at an average temperature slightly above T c but stays broad in µ B . Note that a negative µ B implies that there are more antiquarks (antibaryons) than quarks (baryons) in the individual cell. This time evolution of the distribution at the top RHIC energy matches well known expectations, however, the actual widths in µ B turn out to be quite large. Fig. 15 (b) shows the distribution in T and µ B for cells at midrapidity (|y cell | < 0.5) in case of Pb+Pb collisions at 158 A GeV from PHSD for times t < 1 fm/c, 1 fm/c < t < 2 fm/c and t > 2 fm/c. For early times t < 1 fm/c the distribution peaks at a temperature of about 0.28 GeV and a sizable chemical potential of about 0.35 GeV while for times in the interval 1 fm/c< t < 2 fm/c the maximum has dropped already to an average temperature ∼ 0.18 GeV and small chemical potential. This is due to the fact that baryons practically no longer appear in the central cell and quarks and antiquarks are almost equal in number. For later times t > 2 fm/c the distribution (above T c ) essentially has broadened widely in µ B without characteristic peak at a possible critical point.
We close this section by visualizing in Fig. 16 the space-time distribution of the extracted temperatures (left column) and chemical potentials µ B (right column) for a 5% central collision of Pb+Pb at 158 A GeV from PHSD. These distributions correspond to the transverse plane (x, y) -orthogonal to the beam direction -at z = 0, i.e. in the center of the collision zone. For early times we find the temperatures of the fireball to be well above T c practically everywhere with a maximum in the center. Then the fireball expands in space with time while the temperature drops accordingly. At t = 6 fm/c the temperature is above T c only in the central region and the spiky distribution in the surface region indicates blobs of hadronized matter. This is in line with the common picture of fireball expansion and hadronization. However, the profile in the chemical potential µ B (right column) shows that the µ B is sizable only for very early times in the whole fireball and drops to almost zero in the hot QGP zone for t = 2 fm/c while staying finite at the surface of the fireball. The subsequent hadronization in the surface is visualized again by the finite µ B drops at t = 6 fm/c. The local QGP region thus is of low baryon chemical potential, which has not been expected so far at this bombarding energy. 
VII. OBSERVABLES FROM RELATIVISTIC NUCLEUS-NUCLEUS COLLISIONS
As mentioned above the PHSD transport approach [54, 58] is a microscopic covariant dynamical model for strongly interacting systems formulated on the basis of Kadanoff-Baym equations [26] for Green's functions in phase-space representation (in first order gradient expansion beyond the quasiparticle approximation). The approach consistently describes the full evolution of a relativistic heavy-ion collision from the initial hard scatterings and string formation through the dynamical deconfinement phase transition to the strongly-interacting quark-gluon plasma (sQGP) as well as hadronization and the subsequent interactions in the expanding hadronic phase as in the Hadron-String-Dynamics (HSD) transport approach [98] . Note that at lower bombarding energies -without any partonic phase -the PHSD approach merges to the HSD approach with only hadronic and string degrees of freedom. Since we only look for modifications in the partonic sector -cf. Sections III and IV, we do not further specify the hadronic sector and refer the reader to Refs. [45, 46, 98] for details. We recall that in the PHSD4.0 version, the partonic cross sections are parametrized as a function of the energy density to comply with the individual widths of quarks, antiquarks and gluons (cf. Ref. [56] ), while the parton masses are parametrized as a function of the scalar density (cf. Ref. [58] ).
A. AGS-SPS energies
We start with lower and intermediated energies covered experimentally by the AGS (BNL) and SPS (CERN) with a focus on central Au+Au or Pb+Pb collisions. We will compare results for the "bulk" observables (rapidity distributions and p T -or m T -spectra) from PHSD calculations based on the default DQPM parameters (PHSD4.0) with the new PHSD5.0 including the differential cross sections from section III for the individual partonic channels at finite T and µ B as well as the parton masses M i (T, µ B ) from Eqs. (4)-(5). A comparison to the available experimental data is included (for orientation) but not discussed explicitly since this has been done in earlier work in detail [45, 46, 55] . Fig. 17 displays the actual results for hadronic rapidity distributions in case of 5% central Au+Au collisions at 10.7 A GeV for PHSD4.0 (green dot-dashed lines), PHSD5.0 with partonic cross sections and parton masses calculated for µ B = 0 (blue dashed lines), and with cross sections and parton masses evaluated at the actual chemical potential µ B in each individual space-time cell (red lines) in comparison to the experimental data from the E866 [99] , E877 [100] , E891 [101] , E877 [102] and E896 [103] collaborations. Here we focus on the most abundant hadrons, i.e. pions, kaons, protons and neutral hyperons. We note in passing that the effects of chiral symmetry restoration are incorporated as in Refs. [45, 46] since this was found to be mandatory to achieve a reasonable description of the strangeness degrees of freedom reflected in the kaon and neutral hyperon dynamics. As seen from Fig. 17 there is no difference in rapidity distributions for all the hadron species from the different versions of PHSD within linewidth which implies that there is no sensitivity to the new partonic differential cross sections and parton masses employed. One could argue that this result might be due to the low amount of QGP produced at this energy but the different PHSD calculations for 5% central Pb+Pb collisions at 30 A GeV in Fig. 18 for the hadronic rapidity distributions do not provide a different picture, too. Only when stepping up to the top SPS energy of 158 A GeV one can identify a small difference in the antibaryon sector (p,Λ +Σ 0 ) in case of 5% central Pb+Pb collisions (cf. Fig. 19) .
According to the studies above there is apparently no sizable sensitivity in the hadronic rapidity distributions to the actual differential partonic cross sections, but one has to explore the transverse dynamics in addition. To this end we show in Figs. 21 and 22 the transverse momentum distributions for 5% central Pb+Pb collisions at 158 A GeV and midrapidity (|y| < 0.5) for PHSD4.0 (green lines), PHSD5.0 with partonic cross sections and parton masses calculated for µ B = 0 (blue lines) and with cross sections and parton masses evaluated at the actual chemical potential µ B in each individual space-time cell (red lines) in comparison to the experimental data from the NA49 Collaboration [104] [105] [106] [107] [108] [109] . Here the solid lines stand for positively charged particles while the dashed lines display the results for negatively charged particles. We find that at 30 A GeV there is practically no change in the p T spectra for all PHSD versions; only at 158 A GeV tiny changes in the p T spectra become visible for transverse momenta above about 2.5 GeV/c. We mention for completeness that again for 10.7 A GeV Au+Au collisions we do not find any changes also in the p T spectra within the linewidth (cf. Fig. 20) . Apparently, the space-time volume of the partonic phase is too small at AGS and SPS energies even in central Pb+Pb collisions such that one has practically no sensitivity to the microscopic collisional details in the partonic phase. However, this might change for ultra-relativistic collision systems where the QGP phase becomes dominant. 
B. RHIC energies
As demonstrated in Ref. [58] one expects a dominantly partonic phase in central Au+Au collisions at √ s N N = 200 GeV especially when gating on midrapidity. However, the differences between PHSD4.0 and PHSD5.0 (with and without µ B -dependence) in the hadronic rapidity distributions for 5% central Au+Au collisions turn out to be rather small for mesons (π ± , K ± ) and also for baryons and antibaryons (p,p, Λ + Σ 0 ,Λ +Σ 0 ) (cf. Fig.  23 ) such that no robust conclusion on the partonic collisional dynamics can be drawn even in this case. [113, 114] , PHENIX [115] and STAR [116] collaborations.
This also holds true for the transverse momentum distributions at midrapidity (|y| < 0.5) for these collisions when comparing the results from the different PHSD versions with each other and the data from the PHENIX [115] and STAR [116] collaborations in Fig. 24 . Only for high transverse momenta small differences can be seen with the tendency to improve the description of the data in the novel versions of PHSD5.0 with the microscopic differential partonic cross sections. 
C. Asymmetric systems
Since the central collisions of the heavy systems (Au+Au or Pb+Pb) only provide information on the total partonic reaction rate and not on details of the partonic collisional dynamics one has to explore asymmetric heavy-ion collisions -such as C+Au or Cu+Au -in addition in order find out a possible sensitivity to the partonic collisions. To this end we have performed a systematic study of 5% C+Au and Cu+Au collisions at bombarding energies from AGS to top RHIC energies for the "bulk" observables within the different PHSD versions. We note that (without explicit representation) we did not find any difference at 10.7 A GeV and 30 A GeV as in case of the heavy symmetric systems for the hadronic rapidity distributions and transverse momentum spectra at midrapidity. For Cu+Au the actual results -w.r.t. to the differences between PHSD4.0 and PHSD5.0 -at all bombarding energies turned out to be very similar to the central Au+Au or Pb+Pb collisions such that an explicit representation is discarded. Only in case of 5% C+Au reactions at top SPS and top RHIC energies some differences have been found which will be discussed in the following. There is no change of the pion and baryon distributions at both energies for the different PHSD versions as in case of the heavy symmetric systems while tiny differences can again be seen in the antibaryon spectra. However, in case of C+Au now there is also a small signal in the kaon rapidity distributions which is more pronounced at √ s N N = 200 GeV. This suggests that the strangeness degree of freedom might be explored in very asymmetric systems to obtain additional information on the partonic scattering dynamics. The transverse momentum spectra of hadrons at midrapidity (for C+Au) are shown in is practically no difference in the PHSD4.0 and PHSD5.0 results for pions, kaons, protons and antiprotons and only a very small signal in the antihyperons can be identified. Nevertheless, our results for this very asymmetric system can be considered as predictions for the production of the most abundant hadron species at top SPS and RHIC energies. 
VIII. SUMMARY
In this work we have extended the PHSD transport approach (PHSD4.0 [46, 55] ) to incorporate differential "off-shell cross sections" for all binary partonic channels that are based on the same effective propagators and couplings as employed in the QGP equation of state and the parton propagation. To this end we have recalled the extraction of the partonic masses and the coupling g 2 from lattice QCD data (within the DQPM) and calculated the partonic differential cross sections as a function of T and µ B for the leading tree-level diagrams (cf. Appendices). Furthermore, in Section IV we have used these differential cross sections to evaluate partonic scattering rates for fixed T and µ B as well as to compute the ratio of the shear viscosity η to entropy density s within the Kubo formalism in comparison to calculations from lQCD. It turns out that the ratio η/s calculated with the partonic scattering rates in the relaxation-time approximation is very similar to the original result from the DQPM and to lQCD results such that the present extension of the approach does not lead to different partonic transport properties except for temperatures close to T c . We recall that the novel PHSD version (PHSD5.0) is practically parameter free in the partonic sector since the effective coupling (squared) is determined by a fit to the scaled entropy density from lQCD. The dynamical masses for quarks and gluons then are fixed by the HTL expressions. The interaction rate in the time-like sector is, furthermore, calculated in leading order employing the DQPM propagators and coupling.
When implementing the differential cross sections and parton masses into the PHSD5.0 approach one has to specify the "Lagrange parameters" T and µ B in each computational cell in space-time. This has been done by employing the DQPM equation of state, which is practically identical to the lattice QCD equation of state (cf. Fig. 3) , and a diagonalization of the energy-momentum tensor from PHSD as described in Section V. while at the top RHIC energy the distribution in T and µ B spreads around zero for all reaction times considered. In Section VI we then have calculated 5% central Au+Au (or Pb+Pb) collisions and compared the results for hadronic rapidity distributions and transverse momentum spectra (at midrapidity) from the previous PHSD4.0 with the novel version PHSD5.0 (with and without the explicit dependence of the partonic differential cross sections and parton masses on µ B ). No differences for all the hadron "bulk" observables from the various PHSD versions have been found at AGS and FAIR/NICA energies within linewidth which implies that there is no sensitivity to the new partonic differential cross sections employed. Only in case of the kaons and the antibaryonsp andΛ +Σ 0 , a small difference between PHSD4.0 and PHSD5.0 could be seen at top SPS and top RHIC energies, however, no clear difference between the PHSD5.0 calculations with partonic cross sections for µ B = 0 and actual µ B in the local cells. When considering very asymmetric collisions of C+Au, a small sensitivity to the partonic scatterings was found in the kaon and antibaryon rapidity distributions, too. However, it will be very hard to extract a robust signal experimentally.
Our findings can be understood as follows: The fact that we find only small traces of the µ B -dependence of partonic scattering dynamics in heavy-ion "bulk" observables -although the differential cross sections and parton masses clearly depend on µ B -means that one needs a sizable partonic density and large space-time QGP volume to explore the dynamics in the QGP phase. These conditions are only fulfilled at high bombarding energies (top SPS, RHIC energies) where, however, µ B is rather low. On the other hand, decreasing the bombarding energy to FAIR/NICA energies and, thus, increasing µ B , leads to collisions that are dominated by the hadronic phase where the extraction of information about the parton dynamics will be rather complicated based on "bulk" observables. Further investigations of other observables (such as flow coefficients v n of particles and antiparticles, fluctuations and correlations) might contain more visible "µ B −traces" from the QGP phase. 
with the 3-gluon vertex C λµν (q 1 , q 2 , q 3 ) = (q 1 − q 2 ) ν g λµ + (q 2 − q 3 ) λ g µν + (q 3 − q 1 ) µ g λν and the momentum of the exchanged gluon q The 4-point invariant amplitude is given by (according to Refs. [117, 118] ):
The invariant matrix element squared averaged (summed) over the initial (final) gluons is: 
